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• Prioritize compounds for more 
extensive toxicological evaluation 

• Develop predictive models for 
biological response in humans 

• Reduce reliance on animal models 

Tox21 Goals 



NICEATM Focus Areas 

• Retrospective validation 

• High quality reference data 

• Analysis and validation of HTS Data 

• Integrated testing and decision strategies (ITDS) 

• In vitro to In vivo extrapolation (IVIVE)  

• Development and validation of QSAR and QSPR  
models 

• Alternative model systems  

• Metabolism 

 





Collaboration 

• NICEATM  
• EPA OSCP (EDSP21) 
• EPA NCCT  
 

 Objectives 
• Characterize the relationship between in vitro ER-

pathway activity measured using Tox21 HTS assays 
(human) and outcomes in uterotrophic animal studies 
(rodent).  

• Validate a HTS approach incorporating  in silico, in 
vitro, and alternative animal models that can be used  
to 1000’s of chemicals in order to prioritize, or possibly 
exclude from testing 
 



Literature Searches 
• PubMatrix (keyword searches) 
• FDA EDKB, other resources 

Data Extraction 
• Standardized ontology 
• Local PDF repository 

Data Quality Review 
• Minimum study criteria (MC) 
• Chemical/protocol/LEL information 

Add to Database 
• Data classified as reliable used to 

evaluate in silico and HTS results 

Developing a DB of Uterotrophic Sudies  



• Choice of Model 
• Ovariectomized Rat, Sprague-Dawley and Wistar 

recommended 
• Immature Rat 
• Ovariectomized Mouse, strain not specified  

 
• Duration of dosing; minimum of 3 days, maximum 

varies with model system 
 
• Dosing route: oral gavage, subcutaneous injection, or 

i.p. injection 

Variables in Guideline Studies (EPA / OECD) 
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Literature Searches 
• PubMatrix (keyword searches) 
• FDA EDKB, other resources 

1200 Chemicals 

   1000’s of  references 

686 papers 

QC’d x2 

607 papers 

215 Chemicals 

> 1000 papers 
Data Extraction 
• Standardized ontology 
• Local PDF repository 

Data Quality Review 
• Minimum study criteria (MC) 
• Chemical/protocol/LEL information 

Add to Database 
• Data classified as reliable used to 

evaluate in silico and HTS results 

Developing a DB of Uterotrophic Sudies  



1)      OVX or immature rat, and ovx-adult mouse 
 
2)      n >=4 in test group and control  
 
3)      Dosing via oral gavage, s.q. or i.p. injection 
 
4)      >= 2 dose levels plus positive control and vehicle        
         control 
 
5)      Minimum 3 days dosing 
 
6)      Necropsy carried out 18-36 hours after the last dose 
  

NICEATM Criteria for “Guideline Like” (GL) 
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112 Chemicals with GL Studies 
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Chemicals with 2 or more GL studies 



Uterotrophic GL Studies 

Nonylphenol (CASRN 104-40-5) 
 

4-tert-octylphenol (CASRN 140-66-9)  



Uterotrophic GL Studies 
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Uterotrophic GL Studies 

Nonylphenol (CASRN 104-40-5) 
 

4-tert-octylphenol (CASRN 140-66-9)  
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ER Binding 
 

 

ER Dimerization 
 

 

DNA Binding 
 

 

RNA Transcription 
 

 

Protein Production 
 

 

Proliferation 
 

 

(3) Human, Mouse, Bovine 

(6) hER-α, hER-β / 8hr, 24 hr 

(2) hER-α / 8hr, 24 hr      

(2) hER-α Trans,  ERE Cis 

(4) FL hER-α  hER-β , LBD hER-α 
      agonist / antagonist mode   

(1) T47D proliferation 

18 ToxCast / Tox21 ER Pathway Assays 

 Rotroff et al., Environ. Sci. Technol. 2014, 48, 8706−8716, doi/10.1021/es502676e  



R. Judson 

Mathematical Model of ER Pathway, EPA NCCT 



Mathematical Model of ER Pathway 

R. Judson, EPA/NCCT 
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• AUC summarizes 
the results from all 
18 assays  

 
• R values range from 

0-1 
 



Scatter Plot

R1_rank

R
1Z

m
od

0 10 20 30 40 50 60 70 80 90 100 110

1

0.6

0.4

0.2

0.1

0.06

0.04

0.02

0.01

0.006

0.004

0.002

0.001

Marking:

Marking

Marker by

(Row Number)

Color by

WoE_cons

EQUIV

NEG

POS

Shape by

WoE_cons

EQUIV
NEG
POS

ER Model Score (Agonist) vs Uterotrophic Outcome 

R1 Rank Order 

R
1 

(E
R

 A
go

ni
st

) A
U

C
 

Uterotrophic  



AR Pathway model, NICEATM  

Data from 9 ToxCast / Tox21 Assays used to generate a model score and rank compounds   



e.g. Judson et al., (2011) 

Assessing the Hazard Component of Risk 

• Risk is the product of hazard and 
exposure 

 

• Ultimately hope to do a rapid risk 
prioritization of chemicals with 
minimal information 

 

• Identify chemicals most in need of 
additional resources and 
traditional methodologies 

 

 

 

 J.Wambaugh, EPA NCCT 

Potential 
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ExpoCast 
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Oral dose in 
(mg/kg/day) 

Sum of hepatic 
and renal 
clearance 

(mg/kg/day) 
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 Successful methods have been 
developed for pharmaceutical 
compounds to determine high 
throughput TK (HTTK) from 
limited in vitro measurements 
and chemical structure-derived 
property predictions 

 In vitro plasma protein binding 
and metabolic clearance assays 
allow approximate hepatic and 
renal clearances to be 
calculated 

 At steady state this allows 
conversion from concentration 
to administered dose 

  No oral absorption/ 
bioavailability included 

Steady-State Plasma Concentrations 

 J.Wambaugh, EPA NCCT 
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 Can calculate predicted steady-state concentration (Css) 
for a 1 mg/kg/day dose and multiply to get concentrations 
for other doses 

Slope = Css for 1 mg/kg/day 

 J.Wambaugh, EPA NCCT 

Steady-State Model is Linear 



Steady-State In Vitro-In Vivo Extrapolation (IVIVE) 
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Steady-state Concentration (µM) = in vitro AC50 
0 

Prediction 

 Swap the axes 
 Can divide bioactive concentration by Css for for a 1 mg/kg/day dose to get oral equivalent dose 

Slope = mg/kg/day per Css
1 mg/kg/day 

 J.Wambaugh, EPA NCCT 



IVIVE vs Rat Uterotrophic data: EE 

POD = Point of departure 
OED = Oral Equivalent Dose 

EE= Ethinyl estradiol  

Dose (OED or actual) 

Daily oral dose 
predicted by IVIVE to 
have estrogenic activity 
in rats. 



 
  

IVIVE vs Rat Uterotrophic data: BPA 

OED (rat) 

OED (human) 

Est. Human Exp. (food) 

Est. Human Exp. (NHANES) 



QSAR  

• Quantitative structure–activity relationship models  
• ER QSAR model published, being validated for use in 

prioritization 
• Androgen receptor QSAR being developed 



QSPR  

• Quantitative structure–property relationship models  
 

• Being developed for the estimation of physicochemical 
properties of environmental chemicals: 
− Octanol/water partition coefficient (log P) 
− Water solubility (log S) 
− Boiling point  
− Melting point  
− Vapor pressure 
− Bioconcentration factor (BCF) 

 
 



3 min 

24hr 

4 hr 
1. 25hr 

19 hr

48hr 

6 hr 

 

120 hr 

Zebrafish as a Model for Toxicity Testing 



Vitellogenin (Vtg): Response to Estrogens 
• Vitellogenin is an egg yolk protein expressed in the females of 

nearly all oviparous species (fish, amphibians, reptiles, birds, 
most invertebrates, and monotremes),and is the precursor for 
most of the protein content of yolk that is a source of nutrients 
during early development. 

 

 

 

 

 

 

• In the presence of estrogenic endocrine disruptive chemicals 
(EDCs), juvenile and male fish can express the Vg gene in a 
dose dependent manner and expression in these populations can 
be used as a molecular marker of exposure to estrogenic EDCs. 

 

 



Vtg1 mRNA Pilot Project 

• Robert Tanguay, Oregon State University 
– HT Zebrafish screening facility, highly automated 

 
• Stephanie Padilla, EPA NHEERL 

– Medium throughput, manual  

 
• NTP coordinating the project, supplying 18 ER 

reference chemicals to each lab 
 



Vtg1 mRNA Pilot Project 

• Establish proof of principal for using zebrafish Vtg1 
mRNA as a HT screening tool 

• 8-point dose response @ 120 hpf 
• Examine key variables 

– Presence/absence of chorion 

– Single vs repeat dosing 

 
 

 



Tox21 Phase III: Metabolism 

• Develop more physiologically-relevant in vitro       
models, initial focus on in vitro liver models 
 

3
5 

Co-culture of primary hepatocytes & Kupffer cells spheroids HepaRG 

Steve Ferguson, NTP BSB 

• Increase the use of computational models to predict metabolism/toxicity  
 



Toxicity Testing Focus Areas   
 

 
Endocrine disruptors (ER / AR) 
 
Acute oral and inhalation  
 
In vitro testing of nano materials 
 
Skin sensitization 
 
Reproductive & developmental toxicity 



SACATM Charge Question: 
 
Please provide suggestions for future scientific 
workshops, symposia, or other opportunities related to 
moving towards ‘fit for purpose’ validation approaches. 
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